IMPORTANCE-Standard molecularly based strategies to predict and/or prevent oral cancer development in patients with oral premalignant lesions (OPLs) are lacking.
DESIGN-The

MAIN OUTCOMES AND MEASURES-Oral cancer-free survival (CFS).
RESULTS-A total of 395 participants were classified with LOH profiles, and 254 were classified LOH positive. Of these, 150 (59%) were randomized, 75 each to the placebo and erlotinib groups. The 3-year CFS rates in placebo-and erlotinib-treated patients were 74%and 70%, respectively (hazard ratio [HR], 1.27; 95%CI, 0.68-2.38; P = .45). The 3-year CFS was significantly lower for LOH-positive compared with LOH-negative groups (74%vs 87%, HR, 2.19; 95%CI, 1.25-3.83; P = .01). Increased EGFR gene copy number correlated with LOHpositive status (P < .001) and lower CFS (P = .01). The EGFR gene copy number was not predictive of erlotinib efficacy. Erlotinib-induced skin rash was associated with improved CFS (P = .01).
CONCLUSIONS AND RELEVANCE-In this trial, LOH was validated as a marker of oral cancer risk and found to be associated with increased EGFR copy number (the target of the intervention). Erlotinib did not, however, improve CFS in high-risk patients with LOH-positive or high-EGFR-gene-copy-number OPLs. These results support incorporation of LOH testing as a prognostic tool in routine clinical practice but do not support erlotinib use in this setting.
TRIAL REGISTRATION-clinicaltrials.gov Identifier: NCT00402779
Oral premalignant lesions (OPLs), often clinically recognized as leukoplakia or erythroplakia, are considered risk factors for development of oral cancer. Oral premalignant lesions are a clinical manifestation of what can be a diffuse process of field cancerization. In patients with treated head and neck cancers, field cancerization contributes to development of second primary tumors, a significant cause of morbidity and mortality. 1 Systemic chemoprevention has been proposed as a method to address the entire mucosal field at risk to halt or reverse carcinogenesis. 2 However, a standard head neck cancer chemoprevention approach has yet to be developed, despite extensive previous clinical investigations of various retinoids, [3] [4] [5] [6] [7] interferon, 8 celecoxib, 9 ONYX-015, 10 and Bowman Birk inhibitor concentrate, 11 among other candidate preventive drugs.
The epidermal growth factor receptor (EGFR) plays a critical role in oral epithelial carcinogenesis and is the only validated molecular target for which an agent (ie, the monoclonal antibody cetuximab) has been approved to treat head and neck squamous cell carcinomas (HNSCCs). 12, 13 However, the intravenous weekly administration of cetuximab imposes a limitation for long-term preventive use. In contrast, EGFR tyrosine kinase inhibitors (eg, erlotinib) are dosed orally and have demonstrated modest activity against invasive HNSCC, 14-16 rendering them reasonable choices for evaluation for oral cancer chemoprevention.
Even within patients with oral premalignant lesions, the reported risk of malignant transformation is highly variable, 17 and applying a chemoprevention strategy is best justified if focused on individuals at highest cancer risk. 18 To date, no robust prognostic marker has been developed to guide routine clinical management. Our group and others [19] [20] [21] have reported that specific loss of heterozygosity (LOH) profiles in OPLs were associated with an increased risk of cancer in patients with or without a history of oral cancer in retrospective case-control and prospective cohort observational studies.
We designed the Erlotinib Prevention of Oral Cancer (EPOC) randomized, placebocontrolled trial to test the hypothesis that targeting EGFR in patients with high-risk OPLs, defined by specific LOH profiles, would prevent oral cancer. In contrast to previous studies, to our knowledge this is the first trial of OPLs designed with a definitive primary end point of oral cancer development-a critical aspect, given the lack of correlation between premalignant lesion response and oral cancer-free survival (CFS). 5 This is also the first randomized clinical trial in the entire cancer prevention field to utilize molecular risk assessment as a core selection strategy, thus attempting to develop a chemopreventive approach based on precision medicine.
Methods
The EPOC trial was a randomized, double-blind, placebo-controlled, multicenter study involving 5 institutions in the United States. The study was approved by the institutional review boards of each institution. The trial protocol is available for review in Supplement 1. Written informed consent was obtained from all patients prior to participation.
Eligibility
Participants were eligible for LOH screening if they had histologic evidence of oral premalignant lesions within 1 year prior to enrollment, with or without a history of oral cancer. Patients with a premalignant lesion at the margins of a cancer resection were eligible. The EPOC trial used a convergent trial design in which individuals with premalignant lesions with or without previously treated oral cancers were included in the same trial, with LOH used as the common high-risk eligibility criterion, but oral cancer history was accounted for as a stratification factor. 18, 22 Molecular risk assessment was based on LOH profiles in the OPL and was performed centrally real time at MD Anderson Cancer Center [19] [20] [21] (eMethods in Supplement 2). Treating physicians were notified of the results via a web-based system. High-risk LOH profiles (LOH-positive cases) were defined as LOH at 3p14 and/or 9p21 in participants with a history of oral cancer or LOH at 3p14 and/or 9p21 plus an additional chromosomal site (17p, 8p, 11p, 4q, or 13q) in participants without a history of oral cancer, based on previously published data. 20, 21 All other cases were considered LOH negative.
Only LOH-positive patients were eligible for randomization in EPOC. Additional main eligibility criteria included Eastern Cooperative Oncology Group performance status less than 2, normal organ and bone marrow function, and no active invasive cancer within the previous 2 years (with the exception of oral cancers and nonmelanoma skin cancers). One informed consent document was used for molecular testing and participation in the active treatment portion of the protocol. However, prior to randomization, eligible patients signed the consent form again if the time from initial consent to randomization was greater than 1 month, according to institutional policies.
Treatment Allocation and Study Procedures
Eligible patients were stratified by prior oral cancer status and by registration site. Within each stratum, the Pocock-Simon dynamic allocation method was applied to achieve balanced randomization with respect to smoking status (current, former, and never smoker) and nonsteroidal anti-inflammatory drug use. Subjects were randomized to the erlotinib arm or the placebo arm with equal probability by a centralized computer system. The investigators, clinicians, and patients were blinded to the treatment arm assignments.
Treatment with erlotinib (at a starting dose of 150 mg/d orally) or matching placebo was initiated in a double-blind fashion after randomization. Dose reductions for erlotinib to 100 mg/d orally and subsequently 50 mg/d orally were allowed in accordance with protocoldefined toxic effects criteria (trial protocol in Supplement 1).
Treatment continued for a maximum of 12 months, unless participants developed oral cancer or intolerable toxic effects or withdrew treatment consent (see eMethods in Supplement 2 for further details). Rationale for the 1-year treatment period was based on the expectation of a therapeutic effect of promoting cell death and elimination of LOH-positive premalignant clones during use of the EGFR inhibitor, balanced by the ability of relatively asymptomatic patients to tolerate full therapeutic doses of the drug (with potential for adverse effects) for an extended period in the prevention setting.
The EGFR gene copy number was evaluated in pretreatment biopsy specimens by fluorescence in situ hybridization, as previously described 23 (eMethods in Supplement 2).
Statistical Considerations
The primary end point of the study was oral CFS, defined as time from randomization to development of histologically confirmed oral cancer or death in the intent-to-treat population. For events that had not occurred by the time of the analysis, times were censored at the last contact at which the patient was known to be alive and oral cancer free. The distribution of CFS was estimated by the Kaplan-Meier method. A stratified log-rank test (stratified by prior oral cancer status) was used for the comparison of CFS between the treatment and placebo group. A log-rank test was performed to compare differences between groups.
The Cox proportional hazards regression model was used to incorporate potential prognostic factors including age, sex, smoking history, alcohol use, number of prior oral cancers, time from last oral cancer to the randomization, histologic findings, and treatment assignment as covariates. The interaction effect between treatment and a covariate such as EGFR gene copy number on CFS was evaluated using the Cox proportional hazards regression model by including the main effect terms of treatment and EGFR gene copy number and the interaction term. The proportional hazards assumption for the Cox proportional hazards model was evaluated. No model violations were detected.
Regression diagnostics (eg, generalized residuals, Martingale residuals, and Shoenfeld residuals)were examined to ensure that the models were appropriate. The Fisher exact test was used to compare EGFR gene copy number between LOH-positive and LOH-negative groups. Exploratory landmark analysis was performed to investigate the relationship between grade 2 or higher rash at 1month and improved oral CFS in the erlotinib arm, consistent with previous studies. 24 The proposed sample size was 150 randomized patients, which was calculated based on the following assumptions: 100 patients with and 50 patients without a history of oral cancer; accrual over a 2-year period, with an additional 2.5 years of follow-up; and oral cancer rates of 65% and 35% at 3 years in patients with 21 and without 19 a history of oral cancer, respectively. With these parameters, the study would have 85% power to detect a 40% erlotinib-induced reduction in the 3-year oral cancer rate (corresponding to a hazard ratio [HR] of 0.47), with a 2-sided type I error rate of .05. Subgroup analyses of the efficacy of erlotinib in patients with and without a history of oral cancer were prespecified. We aimed at a relatively large treatment effect that could optimize benefit-risk and benefit-cost ratios. We expected erlotinib to be associated with moderate adverse effects and significant costs. Therefore, we reasoned that further clinical development of this drug in the prevention setting would only be justified if cancer incidence could be reduced in a high proportion of patients.
Two interim analyses for efficacy monitoring were planned, at the end of years 2.5 and 3.5. However, we conducted only 1 interim analysis as planned at the time when 23 events were observed. This first interim analysis found no statistically significant difference in CFS at the .0005 level between the 2 treatment groups, so the study was not terminated early. This interim analysis had minimal effect on the significance level of the final analysis. The P values were compared with the O'Brien-Fleming boundary, which has already taken the multiple testings under consideration. We did not perform the second planned interim analysis because the number of events never reached 49 at the planned time for the second interim analysis while the trial was ongoing. The final analysis was to be performed at the end of year 4.5, but this was delayed to year 7 to allow at least 12 months' follow-up after randomization of the last participant.
The study was monitored by the MD Anderson Data Safety Monitoring Board (DSMB) every 6 to 12 months and was allowed to proceed until its completion. The timing of database freeze was approved by the DSMB, with the assumption that the longer-thanexpected recruitment period leading to extended follow-up of patients initially enrolled in the study would compensate for the shorter follow-up time for later enrollees, thus minimizing further delays in the readout of the primary end point.
Results
From November 2006 until July 2012, 379 participants were consented, registered, enrolled, and tested for LOH. Four participants had noninformative LOH results and were excluded from further analyses, yielding 375 participants classified as either LOH negative (n = 121, 32%) or LOH positive (n = 254, 68%). Of the 254 LOH-positive patients, 150 (59%) were randomized to erlotinib (n = 75,50%)or placebo (n = 75,50%) and initiated treatment. All randomized patients were eligible for evaluation of the primary end point of oral CFS (Figure 1) . At the time of the analysis, 78%of the censored patients had been followed for 2 years or longer.
Patient Characteristics
The characteristics of enrolled patients according to LOH and randomization status are described in the Table and eTable 1 in Supplement 2.
Effect of Erlotinib on Oral CFS
After a median follow-up time of 35 months for the surviving participants, 40 patients developed oral cancer, yielding a cumulative incidence of oral cancer of 27% in the randomized population. There were no statistically significant differences in oral CFS between the placebo and erlotinib groups (P = .45, stratified log-rank test, Figure 2 ). There was a trend toward improved oral CFS during the initial 12-month treatment period for the erlotinib group, but this effect was not statistically significant or sustained. The 3-year oral CFS rates were 74% and 70% for the placebo-and erlotinib-treated patients, respectively (HR, 1.27; 95% CI, 0.68-2.38; P = .45, stratified Cox proportional hazards model). There were 10 deaths in the randomized population (6 in the erlotinib group [4 from oral cancer, 1 from lung cancer, 1 from brain cancer], 4 in the placebo group [3 from oral cancer, 1 unknown]).
Toxic Effects and Treatment Characteristics
eTable 2 in Supplement 2 describes the grade 2 and 3 toxic effects that occurred in 10% or more of the participants. As expected, erlotinib-treated patients experienced more dermatologic toxic effects, diarrhea, fatigue, and mucositis than did those in the placebo group. There were only 2 other grade 3 toxic effects (cellulitis and dehydration) and 1 grade 4 toxic effect (diarrhea), occurring in 1 erlotinib-treated patient each. There were no treatment-related deaths. Dose reductions were required in 45% of patients randomized to erlotinib and 1% of those receiving placebo (eTable 3 in Supplement 2). The main reason for dose reductions and/or treatment interruptions was adverse events. Dose intensity and compliance, as assessed by pill counts, are reported in eTable 3 in Supplement 2. Nonsteroidal anti-inflammatory drugs were used by 20 randomized patients during the 36-month trial period.
LOH as a Marker of Oral Cancer Risk
There was a statistically significant difference in 3-year oral CFS rate between the LOHpositive group (74%) and the LOH-negative group (87%) (HR, 2.19; 95% CI, 1.25-3.83; P = .01) ( Figure 3A) . On multivariate analysis with adjustments by number of prior oral cancers, histologic findings, and treatment, the difference in CFS between LOH-positive and LOH-negative groups remained significant (HR, 2.20; 95% CI, 1.16-4.19; P = .02) (eTable 4 in Supplement 2).
Exploratory Analyses
There was a statistically significant association between EGFR gene copy number and LOHpositive status (P < .001) (eTable 5 in Supplement 2), providing further rationale for EGFR targeting in this patient population. Increased EGFR gene copy number was associated with inferior oral CFS (HR, 2.11; 95% CI, 1.19-3.75; P = .01) ( Figure 3B ). The combination of LOH-positive status and increased EGFR gene copy number conferred the highest cancer risk (P = .02) ( Figure 3C ). Figure 4A depicts erlotinib effects on oral CFS in subgroups of interest. No clear benefit from erlotinib was identified in any subgroup, including increased EGFR gene copy number, with P > .05 for all interaction tests.
An exploratory landmark analysis found a significant association between grade 2 or higher rash at 1 month and improved oral CFS in the erlotinib arm (84% vs 55% 3-year CFS; P = . 01), ( Figure 4B ). No associations between oral CFS and dose intensity were identified (eFigure in Supplement 2).
Discussion
To our knowledge, the EPOC trial represents the first molecularly based precision medicine trial design in cancer prevention, and the first study of OPLs to use cancer as the primary end point. This trial established that targeting EGFR with erlotinib in patients with high-risk OPLs did not improve oral CFS. The EPOC trial established LOH as the most robust OPL prognostic molecular marker prospectively validated to date. We observed a novel association between LOH-positive status and increased EGFR gene copy number and identified EGFR gene copy number as a marker of oral cancer risk. However, EGFR gene copy number (the target of erlotinib) was not a predictive marker of drug efficacy in this setting.
We chose the EGFR inhibitor erlotinib as the agent for this trial because EGFR plays a critical role in oral carcinogenesis and is the only clinically validated molecular target in head and neck cancer therapy. Gain in EGFR gene copy number in OPLs was correlated with an increased risk of oral cancer development in a retrospective analysis. 23 In mouse models of OPLs, treatment with erlotinib reduced development of premalignant and malignant lesions. 25 Early-phase clinical trials suggest that targeting EGFR 26, 27 or EGFR downstream signaling (eg, cyclin D1) 8 may be effective in treating OPLs. However, the EPOC trial did not demonstrate an oral CFS benefit (even in lesions with increased EGFR gene copy number) from erlotinib in LOH-positive participants despite a trend toward delayed cancer development during the 12-month erlotinib intervention.
The EPOC trial found that the erlotinib-induced rash was a strong positive predictor of improved CFS, which is consistent with data from cancer therapy trials. 24, 28, 29 Rash is considered a pharmacodynamic marker of EGFR-inhibitor drug exposure. 24, 30 The high rate of dose reductions owing to occurrence of toxic effects, however, suggests that increased doses of erlotinib may not be tolerated in this setting. Alternatively, EGFR-inhibitor rash may reflect host-derived prognostic factors regardless of drug level, as suggested by recent studies of specific gene polymorphisms 30 and innate immunity in animal models. 31 We observed an association of the core selection criteria for EPOC (LOH profiles) with the target of the drug intervention (EGFR). Although EGFR gene copy number gain in this setting could be due to a nonspecific manifestation of genomic instability (marked by the phenomenon of LOH), there is also biologic plausibility for a mechanistic link to the specific LOH loci included in EPOC eligibility, such as 3p14 (FHIT gene), 9p21 (p16 INK4a / CDKN2A gene), and 17p (TP53 gene). In head and neck cancer, cyclin D1 overexpression (a downstream target of EGFR) seems to precede and enhance permissiveness for genomic instability and gene amplification, 32 which could potentially explain our findings of a correlation between LOH-positive (and genomically unstable) lesions and increased EGFR gene copy number. Based on recent findings 33, 34 and our present data, one can postulate that genotoxic or replicative stress (whether mediated or not by EGFR)may lead to cyclin D1 activation and genomic instability resulting in either the loss of chromosomal fragments, including key "caretaker" tumor suppressor genes (eg, TP53 and CDKN2A), or gain and loss of whole chromosomes (eg, chromosome 7 polysomy) and EGFR amplification. 35 Increased EGFR copy number could, in turn, serve as a positive feedback loop, stimulating cell proliferation further, particularly within the context of p16 INK4a loss (as reflected by LOH at 9p21), 34, 36 thus leading to growth advantage, selection, and malignant transformation. Indeed, non-human papillomavirus head and neck cancers are characterized by amplification of EGFR (7p12) and CYCLIN D1 (11q13) and deletion of FHIT (3p14) andCDKN2A (9p21). 37 Likewise, a correlation of EGFR gene amplification andCDKN2A deletion has also been reported in glioblastomas. 38 Regardless of mechanism, lesions with both LOH and EGFR gain were at highest cancer risk. The 2-hit (LOH and EGFR/chromosome 7 polysomy) genomic instability-driven model may explain the lack of erlotinib efficacy found in the EPOC trial. These high-risk OPLs may have already accumulated additional changes leading to the persistent activation of signaling pathways operating downstream or independently from EGFR. For example, LOH in 3p is often accompanied by copy number gains in 3q26, 39 an amplicon that includes the PIK3CA gene encoding the catalytic subunit of PI3Kα. Amplification of PIK3CA may in turn activate PI3K/AKT/mTOR signaling, thus bypassing EGFR inhibition. 40 
Conclusions
In summary, despite the importance of EGFR biology to head and neck neoplasia and the strength of the preclinical and preliminary clinical data, erlotinib did not reduce the risk of oral cancer in patients with LOH-positive OPLs, including lesions with increased EGFR gene copy number. Nonetheless, the EPOC trial demonstrated prospectively the role of LOH as a marker of cancer risk in OPLs and supports its use as a prognostic tool in clinical practice. The novel approach in the EPOC trial of selecting a molecularly defined high-risk population most likely to benefit, allowing the first streamlined OPL trial designed with the clinically meaningful definitive end point of invasive cancer, is a new paradigm for future precision cancer chemoprevention trials.
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